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Summarized herein eze several issues focused on statements ariG& Corn the recent National 
Academy of Sciences report, Toxicological E&ts of Met@lmerw. Details on each of the 
four issues are elaborated upon in the attached document. This document in total, provides 
information critical when considering changes in current public policy regarding 
methylmercury. 

Issue: Need far FDA Policy To Be Based on Totality Of The Scientific Data 
The NAS Committee did not regard their conclusipns as the final word, but rather made 
numerous recommendations regarding development of me&analytical models, improvements 
of data systems, and consideration of non4oxicological issues that are essential for rational 
formulation of public policy. The Committee made a key recommendation with regard to the 
public health implications of its work: “Corqxrrent with the revision of the .RjD, 
harmonization efforts should be undertaken’ to establish a common scientific basis for the 
establishment of exposure guidance a& reduce current d#erences among agencieq 
Harmonization efforts should address the risk-assessmen~ process and recognize fhat risk- 
management eflorts reflect the diffring mandatrzs and respomibilities ofthese agencies. ” 
Industry strongly agrees ~4th this recommendation. 

Issue: Need @‘or Up-To-Date Data On Fish Consumption, MeHg Concentrations In 
Fish, and Biomarkezs of Mercury Expomre k 

The NAS Committee repeatedly emphasized shortcomings in U.S. monitori& data. The 
industry representatives agreed with the Committee’s concems as well as its recommendations 
urging use of multiple indicators, hchling the direct measurement of mercury’ in hair, rather 
than relying solely on food-consumption data NHANES IV is collecting such data for a large 
sample of U.S. women of childbearing age; the data collected in 1999 Ml shortly be’ 
published iq the Morbid@ andMortal& WeeMy Report. These data can and should be used 
to provide a more reliable estimate of the upper range of exposures of this group than is 
currently available based on the dietary sllfvey data. 

To foxmulate public policy, the most usem information will be lie of hair measurements 
with food-consumption patterns of those with the highest exposures. This information is 
needed to identify the most effWive methods to limit exposures to highly exposed 
individuals. Such information is being gathered with the 1999 aad Iater hair data in the 
NHANES IV study, and these data wilI provide the soundest basis available on which to base 
evaluations ofrelation$ips between dietary intake and mercury body burdens and decisions 
regarding ap ropriate inmentions. 

-. 
Issue: f Estimated Annual Number of U.S. Newborns At Risk For Adverse 

Neurodevelopmental Effects From In Utero Exposure To Mefbylmercury 
The NAS report states, “Available consumption data and current population and fertility rates 
indicate that over 60,000 newborns annay might be at risk for adverse neurodevelopmental 
effects from in utero exposure to MeHg” (p- 273). No firrther indication is provided regarding 
the derivation of this estimate, Given the potential for a considerable degree of public alarm 
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over this figure, the industry representatives strongly urge that the basis for it be thorou@y 
documented and reviewed. 

Issue: Consideration of the Nutritional Benefits of Rish 
The indu~ay ~presentatives noted that the NAS Commi#cx+&hough its asssigmnent was TV 
d.dres~ the toxico~ogkd effects of methyhnercury-recognized that seafood cannot be 
regarded merely as a source of expostue to Me& Rather, it is an integral part of the 
American diet and, as such, plays a key role in the nutritional status of the population. 
Seafood offers nutritional benefits that, simply put, are not available through alternative foods. 
Information was provided to FDA regztding the nutritional value of seafood, including its 
ability to provide high quality protein and several valuable vitamins end minerals in foods 
generally containing little f& saturated fat, and cholesterol. Seafood is a uniquely abundant 
source of taurine, an amino acid of pa&&r importance to the developing fetus. Many 
nutritionists and public health authorities have recommended that the American public 
increase its consumption of seafoods in ordecto obtain higher levels of omega-3 fatty acids- 
constituents that have been convincingly l&xl to neural development of the fetus and the 
infant Intake of omega-3 fatty acids is believed to continue to play a role in continued neural 
develop of children after inf%ncy, Further, relatianships betvveen intake of fish and of omega- 
3 fatty acids and several @pes of positive effixts on the carcb~ascular system of adults are 
well established. 
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Issue: Need for %‘bA Policy To Be Based on Totality Of The Scientific Data 

In the House Appropriations Report for EPA’s FY-1999 tiding, the Environmental 
Protection Agency @PA) was directed to contract with the National Reaeamh Council to 
prepare recommendations on the appropriate reference dose @GD) for mercury (Hg) 
exposure. 

In the prepublication copy of its report, Toxicologicril Eficts ofMe?hylmercu~, the 
Committee on the Toxicological Effects of Methylmercury reviewed the IUD for Hg, 
identified data gaps, and offered recommendations for future research, 

It is important to note that the Committee did not regard their conclusions as the final 
word, but rather recognized that gaps in the available data f?om the Fame, Seychelles, 
and New Zealand studies introduced unc@aintie~ into the Committee’s assessments that 
could be reduced if additional analyses Were conducted. Further, they made numerous 
recommendations regarding development of meta-analytical models, improvements of 
data systems, and consideration of non-toxicological issues that are essential for rational 
formulation of public policy. 

The Committee also made a key recommezkiation with regard to the publie health 
implications of its work: “Concurrent with the revision of the I&D, harmonization efforts 
should be undcrtabn to establish a common scierttffic basis for the establbhment of 
exposure guidance and reduce W-rent dzperences among agencies, Hkvthonization 
eflorts should address the ri&assessment process and recognize that r~&tnanagemen~ 
efforts rejlec; the dl@iiring mandates and responsibilities of these agencies ” (p. 276) 

In ii+ paper, we present brief discussions of some oftbe issues v&h, in our opinion, 
need to be addressed by the Food and Drug AdmiGstmtion (FDA) in order to formulate a 
science-based public policy regarding monitoring of the methylmercury (MeHg)content 
of fish, setting appropriate defect+ction levels, and providing dietary guidance or safety 
advisories to the U.S. population. 
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Issue: Need For Up-To-Date Data On Rish Consumptioa, MeHg Concentrations In 
Fish, snd Biomarkera of Mercwy Exposure 

. . .’ 

The Committee repeatedly emphasized shortcomixIg9 in U.S. monitoring data relevant to 
assessing exposures of the total population and specific population subgroups to mercury, 
This concern ran though many of the chapters of the report. For example, on p. 30, the 
Committee noted that “Uncertainties in such assessments fi.e., estimates of exposure IO 
MeHg through consumption offish] include those in rkcall and recording of int& 
frequency andportion size, misidentification of the species and consumed, and the 
outdated und incomplete nutional databme on average MeHg concentrations of d@erent 
fish species. ” 

This concern led to three related specific recommendations, as follow: 

8 “Bpowre assessment ofihe 6X. population-including those with high fish 
consumption--is needed to provide a jidl pidure of the distribution of MeHg 
und total Hg exposure nationally and regionally” (p. 49). 

l “Data are needed that reliably measure both Hg intake and biomarkers of Hg 
exposure to clarify the relationship between the da$terent dose metrics. 
NHANES IV data should be examined when it becomes availably to derermine 
it ifsotisfles those needs” (p. 114). i. 

l “There is a critical needfor improved characterization ofpopulation 
exposure levels to improve estimates of current exposure, track tier&, and 
identify high-risk subpopulations. Characterization should include improved 

< nutritional and dietary exposw-e assessment and improved biornonitoring for 
‘l allpo@ation groups” (p. 276). 

We strongly endorse these recommendations. The ~certainties in estimating the 
distribution of exposure to MeHg are significant, and have many sources: 

. Short-term general food-consumption surveys are the basis for the vposwe 
estimates cited in EPA’s Mercury Study Report to Congress and in the NAS 
report. These studies are poorly suited for estim$.ing the distribution of 
con&nption of seafood, and especially of se&ood by species and source, due 
t.6 the infkequency of consumption. The upper end of the exposure distribution 

r 
s particularly uncertain. 

. 

l In any event, food-consumption surveys are subject to errors and uncertainties 
based oh misidehtication of the type of fish consumed and of the portion size 
consumed. 

l Dsta on the MeHg concentration of various fish types are limited and out-of- 
date. 
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For these reasons we agree with the Committee’s conclusion (p. I 12) that, “,?krch of the 
dose metrks---ciietay records, cord blood and hair-provides dyerent exposure 
information, Use of datafiom two or more of these metrics will increase the libiihood 

of uncovering a true dose-response relationship. ” Regarding the value of measurement 
of meroury in hair, such measurements remove the limitations and tmcertainti~s 
associated with estimating exposure by studies of fish consumption, and can also provide 
demographic and regional exposure information. The NI-KNES IV study has ColIected 
and is continuing to colkct such data for a large sample of U.S. women of chifdbee&g 
age. We understand that the data collected in 1999 wiII shortly be pubIishcd in the 
Morbid@ and Mortality Weedy Report. These data can be used to provide a more 
reliable estimate of the upper rauge of exposures of this group than is currently available 
based on the dietary survey data. 

For the purpose of formuIating public policy regarding seafood defect action lev& or 
consumption advisories, hair measuremerits alone do not provide information about the 
food-consumption patterns of those with the highest exposures. This information is 
needed to identify the most effective methods to limit exposures to highly exposed 
individuals, Such information is reportedly being gathered with the 1999 and Iatcr hair 
data in the NHANES IV study, and these data wiIl provide the soundest basis availabIe 
on which to base evaluations ofrelationships between dietary intake and mercury body 
burdens and decisions regarding appropriate interventions. 

k 

It is important to note that the excellent EPA analysis of MeHg intake fiom:‘fish, as 
reported in the agency’s 1997 Mercury Study Report to Congress, did not include a 
cornmodi& contribution analysis. Such an analysis would have estimated the impact of 
different sources of MeHg at various points of the exposure distribution. Thus, these data 
cannot bc directly used to gauge the probable results of any publicpolicy action that 
might a.f+t s&ood consumption patterns, particuhuly the impact of such actions on the 
pregnant women at the upper percentiles of MeHg exposure. What is required is a set of 
“what-if’ analyses estimating both mean and upper percentiles of MeHg exposure u.ncIcr 
various scenarios representing potential changes in seafood consumption patterns. 

J”- 
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Issue: Estimated Annual Number of U.S. Newborns At Risk For Adverse 
Neurodevelopmental Effects From In U~ero bposu)*e To Methylmercury 

As stated in the NAS repa& frTo$dzer characterize the risks of MeHg, the committee 
developed an estimute of the number of childrsn born annually. to women most likely to 

be high& expwed through highjZsh consumption (highest 5% estimated IO consume 100 
gper day). Available commption dara and current population andfertili~ rates 
indicate rhar over 60,000 newborns annually might be at riskfor udverse 
neurodevelopmental effectsfiom in utero exposure to’MeHg” (p. 273). 

l A source for the estimate of 100 g per day fish at the 95’ percentile of int&e is not 
provided, but it is not f&r fkom Alan Stem’s estimate of 106.8 g/day for women aged 
I840 who consumed fish in a 7 day period, based on a telephone survey of New 
Jersey residents. In our opinion, it would be preferable to cite EPA’s estimate, based 
on 1989-1991 CSFII data. DA emtes that the 95” percentile value for fish 
consumption by U.S. women aged 1545 is 72 g/day, 

l No fiuther explanation is provided of the derivation of the 60,000 estimate,’ and SO it 
is not clear whether or how the 100 g per day estimate influenced the derivation of the 
60,000 figure. 

4 
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Issue: Committee Observrrtiona On The Limitations Of The Three Primary 
Observational Studies And Requests For Additional Data Adalyacs 

In the NAS report, the committee observed that gaps in the available data from the 
Fame, Seychelles, and New Zealand studies introduced uncrzrkh~ties into the 
Committee’s assessments that could be reduced if additional analyses were conducted, 

The Committee made a specific recommendation that’potcntial inter+xaminer effects in 
the Seychelles study be studied and statitically controlled: “It would be helpfir to obtain 
more comprehensive nutrk&uzl c.&atafiom all three pomlations [i.e., the cohorts in the 
Faroe, Seychelles, and New Zealand studies] q~ well us single-strand hair analyses to 
address more eflectively the issue of spiking or bolus does. A reanalysis of the X$-year 
SCDS [Seychelles] data controlling statistically for examiner migltt also be tisefil” @. 
224’. This reanalysis has been done and $he data will be available within a month. 

On pp, 213-214, the Committee noted several scales used in the Seychelles study that 
actually comprise a number of subscales measuring merent attrib@s, and indicated that 
it would be more info&ve to report the subscale data as well as the integmted data. 
This has navy been completed and the data ate available, 

A&O on p. 214, the Committee pointed out that, ‘;4 second in$ortanf d#wence in the 
assessment bmeries used in the &roe study and SCDS /Seychelles stu@J felates to the 
age ofussessment- 7 year in the Faroe Islands and 53 yeurs ofuge in rh&!XDS. ” The 
Committee went on to indicate that it regarded tests administered at age 5.5 as likely to 
be “less sensitive in detecting subtle neurotoxic effecu ” that those administered later. 
Data fkom the administration of tests to the Seychelles study particippts at age 9 have 
now become av$able. 

In a relatki issue, the Committee noted (p. 214) that the period covering ages GO-72 
months, when the Seycheltes tests were administered, is one of rapid developmental 
change, which x&&t obscure subtle difkences in fiu~ction. On p. 220, the Committee 
suggested that, “Although it seems unlikely that the drerence in approach to controlling 
for age could account for the discrepancies in the fiprdngs of those Tao smdies, it would 
be of interest to see a reanalysis of the SCDS duta wing the approach thar w&z wed in 
the Foe Study. ” A re-analysis has been performed as requested and till be available 
witbin a man*- 

The Co Ike noted tbat I& pattern of MeHg exposure in the Faroe study was quite 
episodic ” 

7 
nature, resulting from occasional exposure to piIot-whale meat with extremely 

high con atrations of MeHg? while the Seychelles study WIS more similar to the U.S. 
pattern, based on a more regular exposure to fish with much lower levels of MeHg. The 
NRC report states @. ZlS), “Thus, it @possible that the more episodic exposure pattern 
in the Faroe Islam&, with heavier dasesper occasion, has a more advetse impact on 
nercronal development than the more gradtuzl exposure in the Seychelles. ” The report 
recommends (p, 224) that, “lr would be heZpf;J to obtain more comprehensive nutritional 
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dutajiom al three popzdations as well as s@e-strand hair analyses to adriress more 
eflectively the issue of spiking or bolw dose. ” 

., 

These comments indicate that there are uncertainties regarding the dose measure that best 
represents health risk from MeHg exposure. This could be important in applying the 
results &om the studies on highly exposed populations to the U.S. pcpulation. For 
example, if devekqxnental efikcts result Born episodic fa brain exposures above a 
threshold level, it would be important know what theqe critical concentrations are and 
whether they occur in the U.S. population, 

. 
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Issue: Confounding of Effects of MeHg and PCBs In The Faroe Study 

In the NRC report, the Committee dipcussed at some lefigtb the possibility that the Faroe 
Island study results reflect confounding with PCB exposures. (See especially pp. 220, 
242-244.) The mason that this issue is important is that the effects from in ufero 
exposures to PCBs that have been reported in the lilerature arc the same as those that are 
at issue for methylmeroury. 

Two additional publications have recently become available with i&ormation relevant to 
this issue. The first ofthese is a report &rn the Jo@ FAONVHO Expert Committee on 
Food Additives (JECFA), “Safety evaluation ofeertah food additives and CO~QII&ZUI~S,” 
WHO Food Additives Series: 44, WHO, Geneva, 2000. This WHO ammittee incIuded 
one member of the NRC methylmercury committee, In the section of this report 
addressing methylmercury, the commit&q made the following comment with regard to 
the Faroe Island study: 

“Becmse PCBs andpersistent organic pollutunts are associated with 
both exposure to methylmercwy and child development in this study, 
and because uhy confounding eflects of PCBs will lead to a fa&e- 
positive association between exposure to methylmerczuy and child 
development, the confounding role of PCBs andpersisient organic ~ 
pottutants should be reassessed in order to determine the role of , 
methylmercury in the adverse effects reported ifr this s&y. ” 

Both the NRC report and the WHO report express reservations about the use of umbilical 
cord tissue as oh exposure mezsure for PCBs. The NRC Committee JVK&: ‘ln the Faroe 
study,kprenatut PCB expasure was measured in umbilical cord tissue rather than cord 
blood orqzaternal blood or milk, as in mostprevious studies, and specimens were 
obtainedfor only half the newborns, Cord-tissue PCB concentration has never been 
validated in relation to blood or milk concentration, and because cord tissue is lean, it 
might provide a less reliable indication of total PCB bo@ burden ” @, 220). 

The WHO cOmmitiee commented “Z%us, untbitical cord uppears to be unreliable tissue 
for numwring exposure to PCBs: however, the eflcct of expressing PCBs on dwhole 
weight basis on the statisticalpower of the study is mih’gated by the wide variation in 
PCB concen&@ions between individuals... The reliubitiv of cord tissue for measuring 
PCB andpersisrent organic po&&mts neec& to be clearly demomtiated ” 

Secondly,‘ B/ presentation & given at the “‘Dioxin 2000” cor&ren~ (August 13- 17, 
ZOOO), Levels ofPCBs and Hy&oxylated PCB Metabolites in Btoodfiom Pregnant Faroe 
Idcmd Women by B. Fhngstrfjrn, M. Athnasiadou, A. Bergman, P. Grandjean, and P. 
Wchlt. This study reported the results of measurements of PCB and PCB metabolytes in 
blood lipids collected f’rom Faroese women in their 32nd week of pregnancy (not the 
cohort of the otiginal Faroe mercury study). The women were divided into two groups 
based on reported pilot whale consumption. The “low” group reported O-1 whale meals 



per month, whik those in the ‘%@I” group reported 2-8 me& per month. The study 
found, in reference to the ooncentzations of PCBs and hydroxykted PCB metabolites, 
that, ‘The results confkm ti high exposure levels occur amongsome Faroese. Thus, the 
results fkom the high-exposure group seem to be among the highest reported so far.” 

These quotations indicate that significant uncertainties remain kg* the relative 
contributions finm met.hyImercury versus PCBs in the Faro~ Islands study. 

i 
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Issue: Consideration of the Nutritional Benefits of Pish and Some Impacts of 
Replacement of Fish With Other Foods 

To their credit, the members of the Committee=-akhough its assignment was ro ad&as 

the tOXbCh&d effects Of metbyhm?mUy-recog that seafood cannot be regarded 
merely as a sowcct of exposure to MeHg. Rather, it is an integral part of the American 
diet and, as SUCII, plays a role in the mrttitional status of the population, Seafood offers 
nutriticd benefits that, simply put, anz not available through alternative foods. The 
importance of f&ing this fwt into acoount in developing public policy was emphasized 
by the Committee by placing into the Executive Summary of the report the statement: 

“‘Because ofthe beneficiul eflects offish conwmptio~ the long-term goal 
needs to be a reduction fn the concentrations of MeHg in$sh rather than a 
replacement ofjish in the diet by other foods. In the interim, the best 
method of muintainingfish consu&ption an4 minimizing Hg ezposure is the 
consumption offish known to have lower MeHg cowentrations” (p. 7). I 

This wncern was rcpeatcd in the body of the report in the form of a specific 
rewmmendation: “‘Because of the reqnked nutiitional benefits of diets rich in fish, the 
best method of maintain&fish consumption and minimizing Hg exposure is the 
consumption of#sh k7town to have lower MeHg conce~twtionr ” (p. 8 1). 

c 
In examining the nutritionsl benefits offered by seafood, it is appropriate t&review two 
aspects of seafood’s role: first, what specific benefits will be lost or diminished if 
consumers reduce or eliminate fish in their diets and second, what nutitional 
consequences will accrue due to increased consumption of the foods that they we to 
replace fish. 

Finfish a&I shellfish are important constituents in diets of cultures around the workI, 
providing subakntial amounts of protein and many vitamins and minerals. Fir&h 
products contain relatively low concentrations of fkt., saturated fat, and cholesterol, and 
consumption of these foods therefore has been promoted by he&h professionals as part 
of a heart-healthy diet, In recent years, seafood products have become the focus of 
intense research as key dietary sources of omega-3 &ty acids and taurine, an $mino acid. 

Nutrient conccptmtions in selected fish products arc contrasted with those of selected 
high-protein alternatives in the following tables. 

9 
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Proxha~e composition and cliolerlerol 

D&RISC for Smdard Reference, Release 13, Nutrient Data Laboratory Home Page, 
h~://~.nal.4sda.~ov/~jdfoodcomo * 

AS shown in the table, one ounce of light tuna provides 33 kwl, 7.2 g protein, and only 
0.2 g lipid. h equal amount of broiled, lean beef provides about the same amount of 
protein, but over twice the calories (77 kcal) and five times the total fat (5,2 g), AIthough 
salmon, a rela.tiveIy fatty fish, provides 3.1 g of fat per OLUUX, this fat contains a much 
lower proportion of saturated fat than does beef or any of the ofier non-fish alternatives. 
Tuna and salmon, like all animal prod&s, ccmtain cholesterol, but in conccntmtions less 
than half that of lean chicken and beef. !. 

Mineral comp&r;- 
f I 

‘Y,.W,, 

I I- 

I 
mg 3,J 

-? 
Chicken Beef, Hnm 
brerrt, .lcw, ’ 

t ..-, -- 
bailed muted prom4 f5$& 

W/O skin broiled 

nutrient concentriuiotiovn~ 

5.q 11.04 14.14 4.251 3.14 1.98 

IEMassium. K I ma I 67.19 97.54 Sl.60( 3574 72.56j 85331 99.Ui I 

mg 95.82 18.71 29.71 63.5q 35.q 20.94 21.83 405.12 

/‘-IrIg 0.22 0.14 0.18 0.44j 0.34 0.q 1.52 03s 

mg 0.01 0.01 0.04 0.04 O.OCl 0.011 0.04 0.02 

n 1 mg t o*oc f 0.01 0,Ol 0.01 0.01 0.q 0.00 0.01 
10.22 16.50 11.23 8.73 7.4 8.22, 4.59 

Data sour& U.S. Departmant of Agricultw, Agricultural Rsseiirch &xvi,. 1999. USDA NuGer;t 
Database for Standard Reference, R&we 13, Nuuient Data Laboratory Home Page, 
htto:l~.~l.usdsov/~~foodcom~ 

Sodium, Na 
Zinc. Zn 
coppf% cu , 

IManmcse. M 

Fish and fish alternates contain relatively low levels of calcium and most other minerals. 
While iron concentration is high in beef (0.60 g per ounce), shrimp contains a higher iron 
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concentration (0.88 g per ounce), and the concentration in light tuna (0.43 g per ounce) 
are higher than that in lean ham (0.22 g per ounce). 

.’ 

Fish products, and particularly tuna products, are excellent sources of selenium, an 
important dietary antioxidant. Wheat provides a substantial portion of selenium intake on 
B per capita basis; however, wheat is not a consistent souree of selenium throughout all 
geographic regions, as wheat selenium concentrations are dependent on soil 
concentrations, Seafood products may be important contributors to selenium intakes in 
some geographic regions. 

In addition to fish’s imporizwe as a dietary source ofselenium, data f?om animal studies 
have shown that organic and inorganic selenium influence MeHg deposition and protect 
against toxicity (Canther, 1972). Animal studies have shown that selenium ingestion 
during gestation may reduce the neurodevefopmental effects folIowing in urero exposure 
to MeHg (for example, Fredriksson et at.; 1993). 

Vitamin C 

Thiatnin 

I I I I I I I 
nutriant mncmaation/o~ce a 

mg 0.00 0.04 0.Ot-j 0.64 0.001 

w 0.01 0.04 

o.oo/ 
a,ol a.011 

0.q.j o.oc 
0.04 0.04 0.011 0.26 

I I I 

Vitarnln B-6 mg 0.10 osq 
FoIti < m% 1.13 1.44 

0.011 
0.74 
o.ld 

I 

0.04/ 0.031 0.17 0.01 0.1 
0.91 12.41 1.13 2.q 1.1 

1 mcg 1 0.q 1.q 0.711 0.41 0.21 I men I I 0.311 I I I O.lq 
1 

0.671 
I I 

Gamin A, RfZ . ..-e RE 4.82 17.86 3.12 18.71 IS&78 1.7c o.oc 0. 

0.08 O,Ob 0.0 

Database for Standard Reference, ReIeaa 13, Nutrient Data Laboratmy Home Page, r 
hap:l/urw\llnal,.us&.~ov/miclfoodcomp 

Fir&h, shelIfi& and other animal protein products are poor sources of Vitamin C. Fish 
of moat B-vitamins, in general quite comparable to auimal protein 

B-12, ~btaiuable only from an.imaI protein products, is found in 
duets in relatively I&ge Concentrations. 

Tuna contains Vitamin E in concentrations greater than those found in lean chicken, beef, 
or ham. Vitamin E, an antioxidaut vitamin, is a nutient of concern for a number of U.S. 
subpopulations, with many individuals failing to meet dietary recommendations. In the 
Northeast U.S., for example, over 20% of respondents in the 1994-96 Continuing Survey 
of Food Intakes by Individuals failed to achieve 50% of the RDA for Vitamin E (USDA, 

* 
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1998). Of male and female children ages 1-2 in this region, almost 30% tiled to 
achieve 50% of tie RDA for Vitamin E. 

Omega-3 Fatty Acids 

Data on conccr&ration~ of the omega-3 fatty acic$s l?,PA and DHA in fish aad alternates 
hmstmte the superiority of finfish and shellfish as dietary sources. It must be noted 
that these fatty acids are not concentrated in vegetable oils; finfish and shellfish &$y are 
unique in providing these important substances. 

&fem=s RepaFdinn General Nutritional Charactlwiscics 
Chang, LW, Gilbert M, Sprecher J. Modification o~methylmercury toxicity by vitamin 
E. Environ. Res, 1978; 17(3): 356-66. II 

Frtxbiksson A, Gardlund AT, Bergman K, Oskarsson A, OhIin B, DanieIss~n B, Archer 
T. Effects ofmaternal dietary supplementation with seItite on the postnatal 
development of rat offspring exposed to methyl Merck in utero. Pharmacol, Toxicol. 
I 993; 72(6): 3 77-3 82. i 

Ganbr HIS, Goudie C, Sunde ML, Kopecky MJ, Wagner P. Selenium: relation to 
decre=ed thcity of methylmercury added to diets containing tuna. 
1122-l 124. 

Science; 175(26): 

USDA, Food Surveys Research Group. Data Tables: Food and nutrient intakes by 
individuals in the United States, by region, 1994-96. 
httD://~,barC.USd&~ov/bh~~ 

r 
ev/home,htq, 1998. 

Tauthe 
amino acid recognized to play a role in several 

retinal photoreceptor activity, bile acid conjugation, 
white blood cell antioxidant activity, pulmonary antioxidant activity, decreased platelet 
aggregation, and the development of the nervous system. Because @wine is the most 
abundant f& amino acid in the central nervous system (CNS), it has been postulated that 
taurine plays a role in CNS development. 
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The human few accumulates approximately SO-60 mm01 per day of taurinc during the 
1st 4 weeks of pregnancy. Thus taurine soems to be of benefit during development, an 
observation that is wldersco=d by the high coacea$ati~ns in fetal brain. These transfers 
are critical in the neonatal period and in early life because of the limited ability of 
newborns to synthesize taurine de nova. If the exogenous neonatal mrpply of tatine is 
limited, depletion of the body pool may occur during the fM weeks of life. 

The noteworthy reIatio~~h.ip between taurine and diet is its absence from vegetable 
sources and its abundance in animal products, particukrly fish and shellfish, Frozen cbd 
contains 40 mg taurinc per 100 grams, and canned tuna fish contains over ‘70 mg taurine 
per 100 g. This in comparison to beef, liver, and chicken which average 30 mg taurine 
perw& 

Human breast milk contains an average of 50 mg taurine per 100 g. Taqrine is added to 
infant formulas to ensure that in.knts whoFare not breast-fed receive an adequate suppIy 
of this ~0ncIitionalIy indiapensabIe amino acid, 

As stated above, breast milk contains an average of 50 mg taurine per 100 g, y&t the 
rangevariesfroma;;littIeas24mgper100gto85mgpcr100gdependingonthe 
moth& taurine statu. As the mother’s taurlne intake increases, so does the breast milk 
content of taurine. 

pefaences Regarding Taurine 
t 
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cells; Proliferation end differentiation. Adv Exp Med Biol 1998;#2:397403 

EI Idrissi A, Trenkner E, Growth fktors and taurim protect against 
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Neurosci !999;19(21):9459-68 

Guqmer K, Atalay Y, &al YZ, Hasanoglu A, Twl@maz C, Biberoglu G, 
Excitatory amino acids and &urine levels in cerebn@naI ibid of hypoxic 
ischemic encephalopathy in newborn, Clin Neurol Neurosurg 1999; 10 l(3); 17 l-4 

Hamosh Ma Breastfeeding: Umaveling the mysteries of mother% milk. Medsc& 
Wornens Health 1996; 1(9):4 

Stipanuk MH>omocysteine, cysteine, and taurine. In: Modem m#rition in 
health and pisease, 9th ed. Eds: Shils ME, OIson 3A, Shike M, Ross AC. 1999; 
Williams +d Wilkins, Baltimore, MD 

Omega-3 Fafty Acids 
Another specific nutritional benefit provided by fish to a degree unmatched by any other 
food is its content of long-chain polyunsaturated omega-3 fatty acids. The health benefits 
of these fatty acids to the developing fetus, the newborn, the child, and the adult have 
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recently been the subject of a great deal of investigation, although in fact the mle of n-3 
fatty acids in the human diet has been studied for over 30 years (Connor 2000). 

N-3 fatty acids are a structural component of phospholipid membranes in tissues 
throughout the body, and are essential nutrients from fetsl development during ~IES~CJJ 

through adulthood. In the United States, the primary source of two essential n-3 fatty 
acids, docosahexaenoic aoid or DHA, and eioosapentaenoic acid or EPA, is fish or fish 
oils (Kxis-Etherton et al. 2000). CurreHt corrsUmptiOn,in the U.S. is uvell below levels _ 
recommended by various agencies, governments, and nutritionists to achieve the 
recalylLzed beneficial effects. Kris-Etherton and colleagues (2000) speoi@, that, 
“increasing fish consumption by 4-fold is one strategy that will facilitate meeting the 
recommendations that have been made for intake of EPA and DIM,” 

The following sections detail the recognized health benefits of n-3 fatty acids, 
particuhrly DHA, to humans from fetal development through adulthood. 

Benefits To the Developinn Fetus 
Therm: are two critical periods during human growth and development m which n-3 fatty 
acids are essential: during fetal development and after birth until the biochemical 
development of the brain and retina is completed (Cormor 2000). 
fetus, the follouring beneficial eEects are noted, 

For the developing 

l DHA is an essential component ofthe neuraI and vascular tiss& of the brain, 
inchding the retina menringer 2000). The source of this DHA to be 
incorporated into developing fti dssue is from its mother’s diet, primarily 
oily fish such as tuna, salmon, and other cold-water fish. DHA is seIectiveIy 
transfzrred through the placenta, that is, more DHA and other fatty acids are 

\ taken f&n the mother’s blood into the placenta and fetaI circulation to 
\ achieve higher concentrations in the fetal tissue than in the mother (AI 2000; 

IMis 1991)s 
l The human fti brain experiences a rapid growth spurt in the third trimester 

of pmghancy. Pre-term babies, those born before development is completed, 
have lower levels of DHA in their blood and brains than fir&term infants, 
suggesting lower exposttres during a critical window of bmin growfh and 
development (Monique 2000; Neuringer et J. 19t38, Yamarnoto et al, 1987, 
Sinclair and Crawford 1973, and GalIi et al. 197’7 as cited ia Bridsh Nutrition 
Fo&latioa 1992). 

young &ildren’continue to have rapid development of brain and vascuIar 
tissues tier birth (post-n&I), and thus continue to need DHA in pa.rticnIar, as weII 8s 
other n-3 fatty aoids. The following beneficial effects are noted for Infants, particularly 

infaars that are breast-fed. Note that it remains a critical question for the scientific and 
regulatory community to determine the kinds of n-3 fatty acids that should be included in 
idaat formulas (Connor 2000). 
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l For a breast-fd infant, a mother’s diet high in DHA promotes high DHA 
levels in breast milk (Chappell et al. 1985; Finley et al. 1985; Hanis et aI. 
1984; Harzer et al. 1984; Innis et al. 1988: Sanders et al: 1978). 

l The biosynthesis of DHA from W-linolonic acid (ALA) eon&s of a series of 
cba.in desaturation and elongation reactions at the ,carboxyl terminal. In 
infbnts who are breast fed, the essential fatty acid metabolism is based on the 
direct supply of long chain polyunsaturated fatty acids bypassing the 
regulatory desaturation step. Earlier studies on n-3 fatty acids requirements of 
newborn infants suggest that the activity bf the enzymes, particularly 
desaturase, were low during the newborn period, In addition, the effects of 
DHA are not replicated by providing equivalent amount of ALA because them 
appetus to be inadequate eonvasion of ALA to DHA in iuf&s. The 
synthesis of DHA from ALA may be reduced due to the inhibition of the 
desatqrase enzyme by an excess of ALA. 

q In several studies, pre-term in.Wts whose diets were supplemented with DHA 
(and other fatty aci&) had grt&er improvement in visual and cognitive 
function. These findings have also been found in term infants (HofEnan et aI. 
1993; Uauy et ah 1994; Birch et al. 2000). 

Benefits to CM&en 
Young children continue to develop neurologic and vascular tissues a.fbxr iafancy, 
Benefits to children f%om n-3 fatty acids is an area of active research, but yecific effects 
are less well established than for the developing fetus and in in&n& PossJble roles of 
D?$% in childhood fimction include: 

l Improvements in dark adaptation and movement skills in dyslexic children 
(Stordy 2000). 

l A possible role in attention-deficit hyperactivity disorder (AMID) based on 
, findings in several studies in which Iower proportions of fm acids were 

‘, observed in children with this condition (Burgess et al. 2000). 
l An associaticm with reactive aiways disez~~e and asthma Hodge et al. (1996) 

reported a lower prevalence of airway hyperresponsiveness and wheeze 
(symptoms of asthma) among Australian children among children who had 
mom f?equent consumption of oily fish. 

Benefits To Adults 
i 

Effects on the cardiovascular system are established benefjts to adult consumers of fish 
containing highlevels of omega-3 fatty acids. 

9 Effects on key risk factors for ca.rdiovascuJar disease include reductions in 
‘glyceride 1eveIs (NesteI2000; Rochc and Gibney 2000) and in heart rate 

P variabilitJI (arrhythmia) (Schmidt and Dyerberg 1999; Rang and Leaf 2000). 
l In addition, reductions in blood pressure, especially among hypertensive 

persons, have been noted (Lungershausen et al. 1994: British Nutrition 
Foundation 1992). 

l Separately, epidemiologic studies have shown inverse associations between 
fish or fish oil consumption and cardiovazular events, Reductions in rates of 
death, sudden cardiac death (Albert et al, 1998; Daviglus et al. 1997; 
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Siscovick ct al. 1995,200O; De Logeril et al, 1999; Vaiagussa et al. 1999), 
non-f&al heart attacks (myocardial infarction) (Daviglus et al. 1997; Dolccek 
et al. 1992), and strokes (Dolecek et al. 1992) have aU’ been obsmed in 
persons who regularly consume omega-3 fatty acids. 

s_utsmatv and Conchions 

In summary, the essential role of n-3 fatty acids in the hum& diet has been studied for 
several decades. Long-chain polyunsaturated fatty acids are essential nutrients from 
fetal development during pregnancy through adulthood. During fetal development and 
infitncy, n-3 f&ny acids are incorporated into developing neurologic tissues and appear 
necessary for normal nctuologic function. For adults, there are well-studied 
cardiovascular effects on triglycerides, platelet aggregation, and anythmias, as well as 

reductions in carciiovascular morbidity and mortality, Nutritionists from regulatory and 
other government organizations advise that the U.S, population needs to &tease dietary 
intake of n-3 fatty acids, and that currently, the best source of these nutrients az fish 
SOUTGeS. 
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